Across all domains of life, the fitness of an organism may be threatened by para sitic interactions with foreign elements. Accordingly, organisms have evolved several biological barriers that aid in the defence against parasitism. Physical barriers, such as the cellular envelope and those at the surface of mammalian skin and mucosal linings, repel foreign elements rather indis criminately 1, 2 . Immune systems, by contrast, offer the potential to repel particular target elements while tolerating others and can thus function as highly selective barriers. However, the balance of selectivity must be well calibrated when relying on active means of surveillance and resistance; a system that is too selective risks evasion by pathogens, whereas one that is unselective risks damag ing the host organism through immuno pathology. In this regard, the mammalian immune system serves as an excellent exam ple, with innate and adaptive activities 3 that are optimized to reliably combat parasitism and generally tolerate host constituents.
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It has been appreciated that two pro karyotic systems, known as restrictionmodification (R-M) and CRISPR-Cas (clustered, regularly interspaced short palindromic repeat-CRISPRassociated pro teins), resemble the mammalian immune sys tem in their ability to actively resist infectious elements with a high degree of selectivity, as well as in their capacity for tolerance [4] [5] [6] . Both systems achieve selectivity through nucleic acid surveillance within the cell, where they can assist in sorting through genetic material encountered through horizontal gene transfer (HGT). Although mammalian lineages mostly forgo HGT for sexual reproduction, they retain the ability to harbour foreign genetic information through symbiotic inter actions with their microbiota 7 . Collectively, the genetic repertoire of a multicellular organism along with the microbiomes of its resident microbiota can be conceptualized as a metagenome (BOX 1) . In this Essay, we adopt a broad view of immune systems as selective barriers to parasitism that moderate, but do not prevent, the natural flux of host genomic or metagenomic content. We begin by discussing the principal genetic factors that allow for genome evolution in each domain of life to establish our rationale for the comparison between prokaryotic and mammalian immune systems. By exploring a viewpoint from which we believe the ana logy of these systems is most evident, we hope to strengthen general conceptualizations regarding the implications of immune selectivity and emphasize the contextual value of tolerating foreign elements.
Vectors of genome evolution
The 'vertical' transfer of a genome from parent to progeny during reproduction can result in the stochastic alteration of its sequence con tent through mutation. Mutations are a source of genetic variation and may give rise to novel adaptive genotypes that can be selected for during evolution. However, mutations occur ring at random are more likely to be delet erious than beneficial. According to Muller's ratchet mechanism 8, 9 , genomic degeneration through random mutation can drive an organism to extinction in the absence of a recombination process to increase the chance of reconstructing fully functional genomes 10 . This fate may be averted through sexual recombination, as it is exhibited in extant eukaryotes (FIG. 1a) . Moreover, sexual recom bination offers an additional mechanism for generating novel genotypes during reproduc tion, but it has evolved with reproductive barriers that help to moderate the variation produced by ensuring that genetic exchanges occur between closely related genomes (for example, within a species) 11 . By contrast, recombination can occur between more distantly related genomes through HGT, which constitutes another key avenue for genomic diversification 12, 13 . Broadly speaking, HGT refers to the transmission of genetic material from one organism to another, through processes that are not tied to reproduction. Following physical transport into the recipient organism, donor DNA may be incorporated into the genome through recombination with the chromosome (or chromosomes) or through autonomous replication as an episome. Evidence for HGT in eukaryotes has accumu lated over the years, but most reports involve freeliving protists and fungi, or endosymbionts inhabiting the cytosol of multicellular organisms 13, 14 . Meanwhile, the nuclear genome of mammals appears to be well insulated from HGT, and this has been suggested to result from the isolation of their germline cells in the gonads 15 . One could
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Resistance and tolerance to foreign elements by prokaryotic immune systems -curating the genome further speculate that this represents an evolutionary strategy that helps to preserve genomic fitness in mammalian lineages, as HGT can introduce deleterious mutations in addition to those generated vertically and might be superfluous if sufficient recombina tion and genetic variation is already achieved through sexual reproduction. However, for unicellular, asexually reproducing organ isms such as prokaryotes, HGT provides an avenue for recombination that, in theory, can operate like sexual recombination in averting Muller's ratchet 16 , in addition to providing genomic variation (FIG. 1b) . Sequencing of diverse prokaryotic phyla and comparative genome analyses suggest the virtual ubiquity of HGT, as well as its potential to drive rapid genome evolution through the acquisition of novel genes en bloc 17, 18 . Notably, HGT appears to be a common route through which evolving pathogens acquire particular traits, including resistance to antibiotics 19 . Nevertheless, in the absence of reproductive barriers, the risk of introducing deleterious information into the genome is theoretically greater with HGT than with conventional sexual reproduction. For example, HGT can introduce mobile genetic elements (MGEs) from unrelated organisms -such as trans posons, viruses or plasmids -which can, in turn, parasitize the genome 20, 21 . This matter is further complicated by the fact that MGEs are themselves often vectors of HGT, as we explain below.
Molecular mechanisms for prokaryotic HGT have been established from many experimental systems, beginning with the discovery of pneumococcal capsule acqui sition 22 . Overall, three major categories have been studied extensively: conjugation, transduction and natural transformation. Conjugation involves the direct transfer of DNA from a donor to a recipient cell during physical contact through pili 23 or porelike structures 24 . It is typically orchestrated by conjugative plasmids or transposons that carry the necessary genetic functions to ensure their own transfer through this pro cess. Transduction refers to the transfer of nonviral DNA encapsulated in viruses or viruslike particles. During lytic infections, the viruses of bacteria (known as phages) can package parts of the lysing host genome into a few of their particles, and this DNA may then be delivered to distant cells 25, 26 . Natural transformation involves the uptake of free DNA from the environment and occurs after the recipient cell enters a physiological state known as 'competence' 27 . Although natural transformation of competent bacteria is a hostencoded process and usually results in unbiased DNA uptake, most known examples of conjugation and transduction are tied to the activity of MGEs that need not benefit the host and can even be detrimental
. Hence, molecular barriers that limit the spread of MGEs can directly contribute to prokaryotic survival 12, 28, 29 . Among these defence mechanisms, the R-M and CRISPRCas systems are unique in that they can eliminate diverse MGEs without forfeiting selectivity and thus generally permit HGT while minimizing the risk of genomic parasit ism. These features provide a central basis for comparison with mammalian immunity, which, we argue, is analogous in its ability to tolerate diverse microbiota while safeguarding against diseasecausing pathogens.
Prokaryotic resistance and tolerance Whereas microbiome analyses have un covered substantial metagenomic variation among multicellular organisms within a species
, comparative genome analyses of prokaryotes have revealed a surprising degree of genomic variability among related strains that were traditionally classified as members of the same species 30, 31 . Accordingly, a modern view of prokaryotic genomes has emerged that distinguishes 'core' genome sequences, which are common to most or all strains of a particular group, from the 'accessory' genome sequences, which are not universally sampled 32, 33 . Accessory sequences typically comprise no more than 10-20% of a given genome 34 , but their gene diversity across strains can be substantially greater than that observed for core sequences 18 . Furthermore, it has been found that prophages, plasmids and various predicted MGEs are usually associated with accessory rather than core sequences of the genome [35] [36] [37] [38] [39] . Thus, by ana logy to mammalassociated microbiomes, the accessory genomes of prokaryotes may represent a transient repository for horizon tally derived foreign genetic information that can contribute to adaptability. However, as both microbiomes and prokaryotic accessory genomes are also liable to harbour parasitic elements, the host organism may employ its selective defences to keep these elements in check while participating in symbiotic interactions or HGT. Within prokaryotic hosts, the resistance and tolerance capacities of R-M or CRISPR-Cas systems are well suited to fulfil this task.
R-M systems.
A minimal R-M system encodes enzymes with two activities: a restriction endonuclease (REase), which cleaves doublestranded DNA upon recog nition of specific target sequences, and a methyltransferase (MTase), which modifies these sites through methylation to prevent cleavage 4 . These activities may be associated with separate proteins, a complex or a single protein, depending on the type of system (for a comprehensive review on their nomenclature, see REF. 40 ). Recognition sites
Box 1 | Microbiomes: pieces of a metagenomic puzzle?
Although an organism may be defined by its genomic content in a strict genetic sense, the classical evolutionary definition is concerned most with its phenotype 21 . Therefore, the descriptive power of a genome sequence is in part limited to the extent that phenotypes can vary independently of a particular genotype. However, phenotypic variability can conceivably be accounted for, given a better understanding of how multicellular organisms are shaped by environmental factors, including the microbiota that colonizes them [120] [121] [122] [123] [124] . Hence, there is increasing effort to define metagenomic information, such as microbiomes, that could be correlated with organismal phenotypes 125 . Microbiome sequencing efforts have attempted to catalogue the genetic repertoires of entire microbial communities 126 . Analyses of host-associated microbiomes have revealed substantial species-and strain-level diversity, as well as a striking degree of gene diversity. Notably, one major study found that gut microbiomes derived from 138 human stool samples contained a cumulative total of over 5.1 million non-redundant genes -more than 200 times the number of known human genes 127 . A similar dataset comprising gut microbiomes from 124 individuals had a cumulative total estimated at 3.3 million non-redundant genes, with each microbiome sampling over half a million of these genes and at least 160 different species of bacteria 128 . Importantly, significant variation has been observed both between individuals and in the same individuals sampled over time 129, 130 . Moreover, specific microbiome compositions have now been associated with different states of health or disease [131] [132] [133] [134] in line with the notion that microbiomes may be viewed as extensions of the genomic information of a multicellular organism 135, 136 , and this is perhaps not surprising given that the microbiota constitutes an estimated 90% of the cells found in a human body 137 . It should be noted, however, that none of these human metagenomic analyses has so far considered the host sequences. Furthermore, because the contents of a microbiome are not fixed with respect to the host nuclear genome, a thorough understanding of human metagenomes may demand knowledge of how ecological factors 126, 138 , in addition to host genotypes 139 , influence microbiome composition and stability. for an R-M system are typically palin dromic sequences of 4-8 bp in length -short enough to occur frequently in the genome of a prokaryotic organism at random. Hence, without a nuclear envelope to insulate their genetic material from the cytoplasm, prokaryotes use methylation to protect their chromosome and other native DNA elements from attack by the REase. Meanwhile, the REase can provide immunity against invading genetic elements that have not had sufficient exposure to the MTase of the cell, including the DNA of phages and plasmids 41 ( FIG. 2a) . Thus, methylation provides the R-M system with an intrinsic basis for distinguish ing self from nonself, and each system is hardwired for surveillance of a particular recognition sequence, similarly to pattern rec ognition by mammalian pattern recognition receptors 3 . In these regards, R-M activities are akin to mammalian innate immune functions and may have an analogous role in the resistance against viruses and other MGEs (see REF. 42 for a review on additional functions that have been described for some of these systems). R-M systems have been identified in about 75% of sequenced prokaryotes, averaging roughly two systems per genome 43 . As we alluded above, the relative ubiquity of their recognition sequences in DNA dictates that the selectivity of the R-M system for foreign target elements must be primarily informed by methylation patterns (although underrepresentation of recogni tion sequences can also occur) 44 . However, this rudimentary mechanism for self and non self discrimination is particularly susceptible to host mimicry evasion paradigms 45 ; even exogenous DNA may bypass restriction if it arrives premethylated (for example, through modification in a neighbouring cell possessing the same MTase) 46, 47 . In this scenario, the methylated foreign DNA is effectively toler ated as a selfcomponent and recognized by the host MTase during subsequent rounds of replication. Therefore, an infectious MGE can propagate freely in spite of REase surveil lance once it manages to achieve methyla tion. In parallel, prokaryotic organisms may acquire resistance to these infectious elements through other defence mechanisms, such as their CRISPR-Cas systems 48 .
CRISPR-Cas systems. Three distinct types of CRISPR-Cas systems have now been defined 49 , but they all share two key components: a CRISPR locus and a set of genes that encode Cas proteins (reviewed in REF. 50 ). Cas proteins include nucleases that can eliminate invading DNA targets, and they form a complex with small RNA guides known as CRISPR RNAs (crRNAs) to identify their targets by base pair com plementarity [51] [52] [53] . crRNAs are derived from transcription of the host CRISPR locus, which is structured as an array of short palindromic repeat sequences (~40 bp in length) that are intercalated with unique sequences of a similar length, known as spacers. After being processed into small, mature species, crRNAs contain a single spacer sequence that specifies the target for its Cas nuclease complex 51, 54 . In this way, Cas nucleases can be programmed to recognize many different DNA targets, according to the spacer sequence of their crRNA. Importantly, the spacer content of a CRISPR locus of a cell can be actively modi fied through a process known as CRISPR adaptation 55 (reviewed in REF. 56 ). During this process, spacer DNA appears to be taken directly from an invading element for incor poration into the CRISPR locus (FIG. 2b) . This provides the cell with a novel target sequence for its Cas nucleases as well as a genetic memory of the encounter to pass on to daughter cells. In this manner, CRISPR-Cas function is analogous to mammalian adaptive immunity. However, it should be noted that memory acquired through CRISPR is fully heritable, whereas newborn mammals only receive shortlived, maternally derived passive immunity 57 . Furthermore, whereas the mammalian immune system relies heavily on clonal deletion and anergy of self reactive cells to establish central tolerance 58 , CRISPR-Cas systems do not require such mechanisms as spacer sequence diversity is not randomly generated but instead derived from invading genetic elements in an appar ent Lamarckian evolutionary fashion 6, 59 . Nevertheless, because the spacer sequences in CRISPR loci are themselves perfect matches for the crRNAs they encode, addi tional mechanisms are required to protect the CRISPR locus DNA from autoimmune responses 50, 60 . In this sense, CRISPR loci can be viewed as immuneprivileged regions of the genome.
CRISPR-Cas systems are found in 90% of archaeal genomes and 50% of sequenced bacteria 61 . The majority of naturally occurring spacer sequences with known targets match to viral elements, although matches to plas mids and other MGEs are also observed 62 . Furthermore, a growing body of experimental work indicates that CRISPR-Cas systems are capable of eliminating a wide range of MGEs that are targeted by their spacers 55, 63, 64 . Unlike R-M systems, which discriminate targets primarily through methylation, CRISPR-Cas systems derive their selectivity first and foremost from an exquisitely specific sequence recognition capability based on crRNA complementarity. On the one hand, the spacer sequence of a typical mature crRNA is 20-40 nucleotides -long enough to discriminate different target elements on the basis of sequence alone. Likewise, a phage or plasmidderived spacer sequence is unlikely to specify targeting of the host's own chromosome (generally not exceeding ~5 Mbp for a prokaryotic genome) 18 . On the other hand, it has been shown that spacers engineered to specifically target the chromo some are indeed lethally selfreactive 65, 66 , so the observation that selftargeting spacers rarely occur in nature could be explained by the immediate culling of cells that acquire such spacers -in a manner akin to clonal deletion. Interestingly, however, experimental evidence indicates that spacer acquisition is biased towards extrachromosomal sequences from the outset (that is, even in the absence of CRISPR-Cas target degradation), despite the overrepresentation of chromo somal DNA by mass 67, 68 . This bias helps to ensure that CRISPR-Cas surveillance displays a selective preference for foreign genetic elements, as only a subset of HGT events result in physical linkage of DNA to the chromosome.
Perspectives on tolerance. The flux of genetic information in prokaryotic genomes, facili tated by HGT, can be selectively moderated by both CRISPR-Cas and R-M systems through their influence on MGEs and accessory genomic content. Although the selectivity of these systems is tied to their resistance mechanisms, it can be reinforced by tolerance in certain contexts. As outlined above, a CRISPR-Cas system resists diverse MGEs according to its spacer content, and this can have evolutionary consequences for lineages that acquire different spacers. For example, cells that acquire immunity to parasitic elements can gain a selective advan tage 55 , whereas those that target favourable elements can be put at a disadvantage and eventually be lost from the population 63, 69, 70 . However, just as the risk imposed by par ticular microorganisms can be niche or contextdependent within a mammalian host [71] [72] [73] , the fitness contributions associated with a particular MGE are not always clear cut in the prokaryotic domain. Temperate phages are a prime example
. Although toxic during lytic infections, they can be maintained as prophages in an alternative, lysogenic state that does not necessarily reduce their host's fitness and can even be advantageous [74] [75] [76] . Notwithstanding, indiscriminate CRISPR-Cas targeting of temperate phage DNA compromises the stability of the lysogenic state in addition to preventing lytic infection 64 . This is because the transition between the two states does not involve genetic alteration of the phage DNA sequence 77 but instead results from changes in its transcriptional activity within the host; in fact, most of the prophage genes are repressed during lysogeny 78 . Recently, we showed that this property allows a staphylococcal type III CRISPR-Cas system to distinguish between each infection state (that is, lytic versus lysogenic) through transcriptiondependent targeting 79 . Type III CRISPR-Cas systems only initiate an immune response when their target sequences are transcribed (FIG. 3) . As such, they can tolerate nontranscribed prophage targets during lysogeny without withdrawing resistance to lytic infection by the same phage (FIG. 3b) . Tolerance, at least for temperate phages, may thus be achieved in a contextdependent,
Box 2 | Mobile genetic elements and the threat of genomic parasitism
Unlike typical genes that rely strictly on a host genome for carriage, mobile genetic elements can propagate independently of host replication. Therefore, their presence in genomes could be the result of parasitism rather than natural selection for their phenotypic contributions to host survival 20 . For example, although conjugative plasmids and transposons can carry adaptive traits such as genes for antibiotic resistance that promote survival, horizontal dissemination of these elements can occur even when they burden their hosts with extraneous genetic cargoes that do not promote fitness or vertical transmission. On the one hand, lytic phages represent an extreme form of genomic parasitism in that they immediately dispose of their host after the process of self-amplification. On the other hand, the 'temperate' phages offer some apparent flexibility and can partake in an alternative infection state that spares the cell from lysis, known as lysogeny 77 . Lysogeny often involves integration into the bacterial chromosome as a so-called prophage, where the host can tend to its replication. Temperate phages can thus alter a recipient genome directly through lysogenization [140] [141] [142] , but this is not necessarily a stable arrangement either: functional prophages retain the ability to re-initiate the lytic cycle and excise from the chromosome, both stochastically and in response to DNA damage or other signals that their host is compromised 78, 143, 144 . . This pro karyotic phenomenon could be further viewed as a 'disease tolerance' paradigm [81] [82] [83] , insofar as it averts the 'immunopathology' associated with targeting of prophages in the host chromosome without elimination of the target element. Alternative strategies for dis ease tolerance, aimed at neutralizing parasite derived toxins 84, 85 rather than the parasites themselves, might also exist in the prokaryotic domain. Past and recent work have demon strated that type III CRISPR-Cas systems can cleave RNA targets both in vitro [86] [87] [88] [89] and in vivo [89] [90] [91] and thus offer the potential to reduce the toxicity associated with certain viral transcripts. If proven to exist, type III systems that can cleave RNA without degrading DNA could offer another avenue for tolerating MGEs. Current evidence, however, suggests that RNA cleavage is not sufficient to rescue cells from lysis by DNA viruses 92 .
In certain contexts, R-M systems can also tolerate the insertion of foreign DNA into the chromosome. Owing to their intracellular, doublestrand cleavage mechanism, REases do not eliminate the DNA of unmodified target elements per se. In fact, it has been shown that fragments of restrictionsensitive DNA encountered through transduction or conjugation can be rescued by recombi nation with the chromosome [93] [94] [95] . This was proposed to contribute to the genomic mosaicism observed among natural isolates of Escherichia coli 96 . Furthermore, evidence indicates that R-M systems are ineffective at blocking natural transformation with other wise restrictionsensitive DNA, at least when homologous sequences are introduced [97] [98] [99] [100] [101] . These results have been explained in light of the findings that DNA enters the cell through a singlestranded intermediate during natural transformation 102, 103 , which remains stable [104] [105] [106] before recombination with a methylated complementary strand (FIG. 3a) . Interestingly, an R-M system in Streptococcus pneumoniae was found to encode an auxiliary MTase that is upregulated during competence and allows even non homologous sequences to be protected from restriction during natural trans formation 107, 108 . Known as modification methylase DpnIIB (encoded by dpnA), this MTase preferentially methylates single stranded DNA and may thus promote natu ral transformation without compromising the ability of the system to resist phages that enter double stranded. In its absence, repli cation of nonhomologous, unmethylated singlestranded DNA that has integrated into the chromosome can give rise to unmethyl ated doublestranded DNA that is susceptible to the REase 109 . Hence, we suggest that the specialized action of DpnIIB exemplifies another disease tolerance strategy in that it is only required to protect the chromosome Restriction endonuclease enzymes (REases; shown in red) cleave invading viral DNA at short sequence motifs known as recognition sites (pink boxes). Methyltransferase enzymes (MTases; shown in blue) can modify DNA at the same recognition sites (appended with blue boxes) to prevent cleavage by their cognate REase. The sequence specificity of a REase is hardwired for a particular recognition site and thereby offers innate immunity to unmodified viruses that harbour these sites in their DNA. Whereas unmodified invading DNA of mobile genetic elements is rarely methylated fast enough to receive protection from restriction, modification is generally effective in preventing cleavage of the host chromosome and thus allows for a rudimentary form of self and non-self discrimination. b | Antiviral defence mediated by CRISPR-Cas (clustered, regularly interspaced palindromic repeat-CRISPR-associated proteins) systems. CRISPR arrays are composed of alternating units of repeat sequences (black squares) interrupted by unique spacer sequences (coloured diamonds). Newly encountered phage sequences (shown in red) can be incorporated as spacer DNA within the host CRISPR array through the process of CRISPR adaptation, providing a genetic memory of past infection. Transcription of the CRISPR array provides primary transcripts (known as pre-CRISPR RNAs (pre-crRNAs)) that are processed into short, mature species that each include a single spacer sequence. During CRISPR-Cas targeting, Cas protein complexes are guided by individual mature crRNAs to mediate the destruction of invading nucleic acids that harbour a matching target sequence. By virtue of sequences in their flanking repeat elements, spacer DNA of the CRISPR array is intrinsically spared from CRISPR-Cas targeting to prevent autoimmunity 50, 60 . Nature Reviews | Immunology from immunopathological damage when foreign, nonhomologous sequences are introduced. Nonhomologous fragments of DNA that are introduced through phage trans duction might also be processed to single strands before recombination. The effect of DpnIIB on transduction efficiency from an unmodified donor should therefore be examined in future work. Finally, it should be emphasized that the tolerance scenario observed with DpnIIB closely mirrors that observed with the type III CRISPR-Cas system, in which a substantial stretch of nonhomologous DNA -the prophageis allowed to integrate into the chromosome.
Concluding remarks
Surveillance by both R-M and CRISPR-Cas systems can be optimized for selective incor poration of foreign genetic information that reduces the risks of parasitism and immuno pathology. This is similar to the pattern observed for multicellular organisms, in which an optimal balance of resistance and tolerance must be struck to accommodate commensal microbiota without succumbing to infection or compromising health 110 . Mammalian strategies for pathogen resistance have been studied extensively in the field of immunology. Meanwhile, host strategies for tolerance of nonself elements, especially as an alternative or, at least, auxiliary immune function with respect to resistance, have been far less explored in animal models [110] [111] [112] . Efforts to understand tolerance mechanisms hold the promise of revitalizing our grasp on clinical problems, in which vaccination, anti biotics and other therapeutic interventions aimed at bolstering resistance have fallen short. Alternative therapeutic approaches could be aimed at exploiting or reinforcing tolerance 83 . Of particular relevance to our discussion, it has been postulated that tolerance strategies can lead to more stable (or at least more homogeneous) evolution ary outcomes [113] [114] [115] that are distinct from the arms race dynamics that typically result from resistance to pathogens (for further discussion of the latter, see REF. 116 ). The outcomes observed for CRISPR-Cas targeting of temperate phages in prokaryotes are ostensibly consistent with this notion, as tolerance during lysogeny does not lead to genetic alteration of either the host or its target prophage. In the absence of toler ance, lysogenization was less frequent and only occurred in genetic mutants that had either lost their prophage target sequence or dismantled their CRISPR-Cas immunity 79 . We speculate that this latter propensity to abandon CRISPR-Cas immunity 69, 70, 117, 118 might in part explain the absence of these systems in about half of sequenced bacteria, especially considering that mechanisms for nonself tolerance have not been identified in the other two CRISPR-Cas types. In other words, fitness costs associated with CRISPRCas immunopathology and/or resistance of favourable nonself elements could drive their loss from prokaryotic genomes in the context of population bottlenecks. Analogous complications faced by mammalian lineages are dealt with through wellconserved central and peripheral tolerance mechanisms. The latter mechanisms appear to be particularly crucial during encounters with innocuous nonself elements, including foodderived products and commensal microorganisms that are highly abundant in the gut 119 . Insofar as tolerance strategies work to curb -or even replace -resistance strategies that would otherwise reduce a particular microbial burden, tolerance in turn influences micro biome compositions and stability. Therefore, in addition to leading us towards novel thera peutics for dealing with the complications of infection and immunopathology 83 , knowledge of tolerance mechanisms that fulfil these criteria could prove insightful when attempt ing to manipulate commensal members of the microbiota for therapeutic purposes.
